Context Although it is widely recommended that clinical trials undergo some type of quality review, the number and variety of quality assessment scales that exist make it unclear how to achieve the best assessment.
A LTHOUGH RANDOMIZED CONtrolled trials provide the best evidence of the efficacy of medical interventions, they are not immune to bias. Studies relating methodological features of trials to their results have shown that trial quality influences effect sizes. For populations of trials examining treatments in myocardial infarction, 1 perinatal medicine, 2 and various disease areas, 3 it has consistently been shown that inadequate concealment of treatment allocation, resulting, for example, from the use of open random-number tables, is associated on average with larger treatment effects. One of these studies 2 also found larger average effect sizes if trials were not doubleblind. Analyses of individual trials suggest that in some instances effect sizes are also overestimated if some participants, for example, those not adhering to study medications, were excluded from the analysis. [4] [5] [6] Informal qualitative research has indicated that investigators sometimes undermine the random allocation of study participants, for example, by opening assignment envelopes or holding translucent envelopes up to a light bulb. 7 In response to this situation, guidelines on the conduct and reporting of clinical trials and scales to measure the quality of published trials have been developed. 8, 9 The quality of trials is of obvious relevance to meta-analysis. If the raw ma-terial used is flawed, then the conclusions of meta-analytic studies will be equally invalid. Following the recommendations of the Cochrane Collaboration and other experts in the field, [10] [11] [12] many meta-analysts assess the quality of trials and exclude trials of low methodological quality in sensitivity analyses. In a meta-analysis of trials comparing low-molecular-weight heparin (LMWH) with standard heparin for thromboprophylaxis in general surgery, Nurmohamed et al 13 found a significant reduction of 21% in the risk of deep vein thrombosis (DVT) with LMWH (P = .012). However, when the analysis was limited to trials with strong methods, as assessed by a scale consisting of 8 criteria, no significant difference between the 2 heparins re-mained (relative risk [RR] reduction, 9%; P = .38). The authors therefore concluded that "there is at present no convincing evidence that in general surgery patients LMWHs, compared with standard heparin, generate a clinically important improvement in the benefit to risk ratio." 13 In contrast, another group of meta-analysts did not consider the quality of trials and concluded that "LMWHs seem to have a higher benefit to risk ratio than unfractionated heparin in preventing perioperative thrombosis." 14 Although widely recommended, the method of assessing and incorporating the quality of clinical trials is a matter of ongoing debate. 15 This is reflected by the plethora of available instruments. In a search covering the years up to 1993, Moher et al 9 identified 25 different quality assessment scales. Most of these scoring systems lack a focused theoretical basis and their objectives are unclear. The scales differ considerably in terms of dimensions covered, size, and complexity, and the weight assigned to the key domains most relevant to the control of bias (randomization, blinding, and withdrawals) 16 varies widely (TABLE 1) .
We repeated the meta-analysis of Nurmohamed et al 13 using different scales and thus examined whether the type of scale used for assessing the quality of trials affects the conclusions of meta-analytic studies.
METHODS

Scales Used to Assess Trial Quality
We used the 25 scales described by Moher et al. 9 When necessary, we adapted items that were developed for specific situations. For example, 1 item in a scale developed to assess trials of corticosteroids in alcoholic hepatitis 28 considered the similarity of the prognostic variables total bilirubin, prothrombin time, and hepatic encephalopathy at baseline. We included this item, but considered the variables that Nurmohamed et al 13 identified as of prognostic importance (for example, the sex of patients, the duration of operation, and the presence of malignancies). If instructions for use of a quality assessment instrument were unclear, we obtained additional published information or contacted the authors. Ambiguities remained for some scales and we developed our own a priori rules to deal with these situations.
Assessment of Trials
All 17 general surgery trials comparing LMWH with standard heparin that were included in the original meta-analysis were assessed with each of the 25 scales. To maintain comparability with the original meta-analysis, 13 we included a single-center report 40 from a multicenter study, 41 which had erroneously been included in addition to the main report. 42 Information on authors, author affiliation, study centers, drugs, results, conclusions, source, year of publication, references, funding, and acknowledgments was concealed by a person unrelated to the study, using a black marker and subsequent photocopying. A few items made unblinding of some of this information (in most cases the results section) necessary. Reports were independently assessed by 2 of the authors (P.J., A.W.). One assessor rated trials in the opposite order, also reversing the sequence of scales. Interobserver reliability was determined for each scale using the intraclass correlation coefficient. 43 Disagreements were resolved by consensus.
Data Analysis
We repeated the original meta-analysis using each of the 25 quality assessment scales, keeping all other aspects constant. The same fixed-effects model was used for combining trials, with data being provided by the authors of the original meta-analysis. 13 Effect estimates were weighted according to the inverse of their variance. The primary end point was DVT and major bleeding was the secondary end point. We performed stratified analyses dividing trials into high-quality and low-quality groups, using the definitions given by the authors of the scales. If no definitions were available from authors, we considered trials with scores above the median as high quality. We also performed analyses using the median as the cutoff point for all scales. To determine whether the restriction of scales to domains most relevant to the control of bias (randomization, blinding, and withdrawals) 16 affects results, we deleted all items that were unrelated to these domains, recalculated scores, and repeated stratified analyses using the median as the cutoff point. Meta-regression analyses were performed to examine the association of global quality scores with estimated ef-fects on the risk of DVT. The randomeffects regression model, described in detail elsewhere, 44 relates the treatment effect to study quality, assuming a normal distribution for the residual errors with both a within-study and an additive between-studies component of variance. The between-studies variance was estimated by an iterative procedure, using an estimate that is based on a restricted maximum likelihood method.
We standardized scores by subtracting the median from individual values and dividing the result by the interquartile range. All scores had a standardized distribution with a median of 0 and an interquartile range of 1 and regression coefficients were therefore comparable. For each scale we calculated the expected RR for hypothetical trials with the highest and lowest pos-sible score. As a measure of overall agreement between the 25 scales, we calculated the intraclass correlation coefficient for the standardized scores. 43 Finally, we examined the separate influence of the 3 key domains that have been shown to be associated empirically with bias: concealment of treatment allocation, 1-3 blinding of outcome assessments, 2,45 and handling of dropouts and withdrawals in the analysis. [4] [5] [6] Finally, we performed sensitivity analyses using a random-effects model 46 for combining trials, inspecting funnel plots, and testing for the presence of publication bias. 47 We used Meta-Analyst software (Joseph Lau, Boston, Mass) for fixedeffects meta-analysis and the program Metareg 48 in Stata (Stata Corporation, College Station, Tex) for metaregression analysis. Results are given as RRs with 95% confidence intervals (CIs). All P values are 2-sided.
RESULTS
Trial Quality
Interrater reliability was excellent for most scales. Intraclass correlation coefficients were above 0.9 for 12 scales (48%), 0.8 to 0.9 for 10 scales (40%), and less than 0.8 for 3 scales (12%). The median quality of the 17 trials as assessed by the 25 scales ranged from 38.5% to 82.9% of the maximum score (TABLE 2). The authors of 16 scales defined a threshold for high quality, with the median threshold corresponding to 60% of the maximum score. Agreement for standardized scores between the 25 scales was substantial (intraclass correlation coefficient, 0.72 [95% CI, 0.59-0.86]).
Analyses Stratified by Trial Quality
For all trials combined, the RR of DVT comparing LMWH with standard heparin was 0.79 (95% CI, 0.65-0.95) and thus identical to the results of the original analysis. 13 FIGURE 1 shows the results of analyses stratified by quality using the 25 scales. Pooled RRs ranged from 0.63 to 0.90 for high-quality trials, and from 0.52 to 1.13 for lowquality trials. Six scales with pooled RRs of high-quality trials more than 0.79 and CIs overlapping 1 indicated that LMWH was not significantly superior to standard heparin, whereas low-quality trials assessed by these scales showed significantly better protection with LMWH (PϽ.05). Seven scales showed the opposite: high-quality trials indicated that LMWH was beneficial (PϽ.05) with RRs of less than 0.79, whereas lowquality trials showed no significant difference. For the remaining 12 scales, pooled results from low-quality and high-quality strata indicated similar effects. Results were not materially altered when using the median score as the cutoff point for high-quality trials throughout. In meta-regression no significant difference in effect estimates between high-quality and low-quality trials was evident for any of the scales used (PϾ.10). Significant differences in the risk of major bleeding were not observed between the 2 heparins overall or when stratified by quality.
Summary Quality Scores and Effect Sizes
Meta-regression analysis confirmed the differences between scales that were observed in the stratified analysis. The coefficients (per point increase of standardized scores) ranged from −0.177 to 0.169, demonstrating that depending on the scale used, the effect size either increased or decreased with increasing trial quality. FIGURE 2 illustrates the relationship between RRs and quality scores for 3 scales. 17, 29, 31 None of the 25 scales yielded a statistically significant association between summary scores and effect sizes. For hypothetical trials of maximum quality the RR of DVT comparing LMWH with standard heparin ranged from 0.57 to 0.95, whereas for hypothetical trials of minimum quality RRs ranged from 0.51 to 1.32. Heterogeneity between scales was reduced little when restricting scales to the domains most relevant to the control of bias (randomization, blinding, and withdrawals): RRs for DVT ranged from 0.63 to 0.98 for high-quality trials and from 0.68 to 0.89 for lowquality trials. 
Key Domains and Effect Sizes
The association between methodological key domains and estimates of treatment effects on the risk of DVT is explored in with open assessment of DVT suggested that LMWH was superior to standard heparin with an RR of 0.59 (95% CI, 0.42-0.84; P = .004). Conversely, the 11 trials with blinded outcome assessment showed no significant difference (RR, 0.89; 95% CI, 0.71-1.11; P = .29).
COMMENT
Meta-analysis is widely used to summarize the evidence on the benefits and risks of medical interventions. However, the findings of several metaanalyses of small trials have been contradicted subsequently by large controlled trials. 47, [49] [50] [51] The fallibility of meta-analysis is not surprising, considering the various biases that may be introduced by the process of locating and selecting studies, including publication bias, 52 language bias, 53 and citation bias. 54 Low methodological quality of component studies is another potential source of systematic error. The critical appraisal of trial quality is therefore widely recommended and a large number of different instruments are currently in use. In a hand search of 5 general medicine journals dating 1993 to 1997 (Annals of Internal Medicine, BMJ, JAMA, Lancet, and New England Journal of Medicine) we identified 37 meta-analyses using 26 different instruments to assess trial quality.
Our study shows that the type of scale used to assess trial quality can dramatically influence the interpretation of meta-analytic studies. Using 25 dif-ferent scales, we reanalyzed a metaanalysis which, based on trials considered to be of high methodological quality, found little difference between LMWH and standard heparin in the prevention of postoperative thrombosis. Whereas for some scales these findings were confirmed, the use of others would have led to opposite conclusions, indicating that the beneficial effect of LMWH was particularly robust for trials deemed to be of high quality.
Similarly, in meta-regression analysis effect size was negatively associated with some quality scores, but positively associated with others. Accordingly, RRs estimated for hypothetical trials of maximum or minimum quality varied widely between scales.
These discrepant results are not surprising when considering the heterogeneous nature of the instruments. 15 Many scales include items that are more closely related to reporting quality, ethical issues, or to the interpretation of results rather than to the internal validity of trials. For example, some scales assessed whether the rationale for conducting the trial was clearly stated, whether the trialists' conclusions were compatible with the results obtained, or whether the report stated that participants provided written informed consent. Important differences also exist between scales that focus on internal validity. For example, the scale developed by Jadad et al, 29 which has been widely advocated, 3, 9, 15 gives more weight to the quality of reporting than to actual methodological quality. A statement on withdrawals and dropouts will earn the point allocated to this domain, independently of whether the data were analyzed according to the intention-to-treat principle. The instrument addresses randomization but does not assess allocation concealment. The use of an open random-number table would thus be considered equivalent to concealed randomization using a telephone or computer system and earn the maximum points foreseen for randomization. Conversely, the scale developed by Chalmers et al 20 allocates 0 points for unconcealed but the maximum of 3 points for concealed randomization. The authors of the different scales clearly had different perceptions of trial quality, but definitions were rarely given, and the ability of the scales to measure what they are supposed to measure remains unclear.
Our study was based on a single metaanalysis and, strictly speaking, the results are only applicable to the 17 trials examined. It is unlikely, however, that agreement across scales would be better in other situations. Interestingly, in a recent review of treatment effects from trials deemed to be of high or low quality, Kunz and Oxman 55 found that in some meta-analyses there were no differences whereas in other metaanalyses high-quality trials showed either larger or smaller effects. In 1 analysis evaluating the effect of antiestrogen treatment in male infertility, the results were reversed with adverse effects on pregnancy rates in studies of high quality. 56 Different scales had been used for assessing quality and, in light of our study, it is possible that the choice of the scale contributed to the discrepant associations observed in these meta-analyses.
In our sample of trials we found that blinding of outcome assessment was the only factor significantly associated with effect size, with RRs on average being exaggerated by 35% if outcome assessment was open. When restricting the analysis to 11 trials with blinded outcome assessment, no significant difference between the 2 heparins was evi-dent indicating that in general surgery patients, the 2 heparins may be equally effective. This was recently confirmed in an updated meta-analysis that included 25 double-blind trials. 57 The combined odds ratio for DVT was 0.99 (95% CI, 0.83-1.18). It is now generally agreed that the advantages of LMWH (reduced risk of heparin-induced thrombocytopenia 58 and convenience of once daily dosing) must be balanced against the greater cost of LMWH. 59 The importance of blinding could have been anticipated considering that the interpretation of the test (fibrinogen leg scanning) used to detect DVT can be subjective. 60 In other situations, blinding of outcome assessment may be irrelevant, such as when examining the effect of an intervention on overall mortality. In contrast to studies including large numbers of trials, 1-3 we did not find a significant association of concealment of treatment allocation with effect estimates. Our meta-analysis could have been too small to show this effect. Alternatively, concealment of treatment allocation may not have been relevant in the context of our study. The importance of allocation concealment may to some extent depend on whether strong beliefs exist among investigators regarding the benefits or risks of assigned treatments or whether equipoise of treatments is accepted by all investigators involved. 7 Strong beliefs are probably more prevalent in trials comparing an intervention with placebo than in trials comparing 2 similar, active interventions. Other aspects may need to be considered in specific situations, such as whether the trial was terminated prematurely, the tests used for measuring end points, or the type of statistical model used. The importance of individual quality domains and, possibly, the direction of potential biases associated with these domains will thus vary according to the context, and the mechanistic application of scales with fixed weights allocated to a standard set of items may dilute, or entirely miss, associations. 61 Indeed, in our sample of 17 trials none of the 25 composite scales was significantly associated with treatment effect. Many metaanalysts probably would have dis-missed trial quality as a source of bias based on the analysis of summary scores and concluded that there was robust evidence favoring LMWH.
Although improved reporting practices should facilitate the assessment of methodological quality in the future, incomplete reporting continues to be an important problem when assessing trial quality. 8 Because small singlecenter studies may be more likely to be of inadequate quality and more likely to be reported inadequately than large multicenter studies, the sample size and number of study centers may sometimes be useful proxy variables for study quality. Analyzing the effect of sample size will also shed light on the possible presence of publication bias. 47 One should not forget, however, that associations between domains of trial quality and treatment effects are subject to the potential biases of observational studies. Confounding could exist between measures of trial quality and other characteristics of trials, such as the setting, the characteristics of the participants, or the treatments.
The use of quality scores as weights when pooling studies has also been advocated, such as multiplying scores with the precision of effect estimates. 3 Such procedures will affect both the combined effect estimate and its CI. As could be expected, we obtained different results depending on the scale used as the weighting factor when performing such analyses (data not shown). As pointed out previously by Detsky et al, 24 the incorporation of quality scores as weights lacks statistical or empirical justification.
CONCLUSIONS
The assessment of the methodological quality of randomized trials and the conduct of sensitivity analyses should be considered routine procedures in metaanalysis. Although composite quality scales may provide a useful overall assessment when comparing populations of trials, for example, trials published in different languages or disciplines, such scales should not generally be used to identify trials of apparent low quality or high quality in a given SCORING THE QUALITY OF CLINICAL TRIALS ©1999 American Medical Association. All rights reserved. meta-analysis. 61 Rather, the relevant methodological aspects should be identified, ideally a priori, and assessed individually. This should always include the key domains of concealment of treatment allocation, blinding of outcome assessment or double blinding, and handling of withdrawals and dropouts. Finally, the lack of well-performed and adequately sized trials cannot be remedied by statistical analyses of small trials of questionable quality.
